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SPECIAL NOTES 


1, API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 


2. API IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANU- 
FACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP 
THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND 
SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS 
UNDER LOCAL, STATE, OR FEDERAL LAWS. 


3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND PROPER 
PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS AND CONDI- 
TIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER 
OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFETY DATA SHEET. 


4. NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU- 
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV- 
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN 
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL- 
ITY FOR INFRINGEMENT OF LETTERS PATENT. 


5. GENERALLY, API STANDARDS ARE REVIEWED AND REVISED, REAF- 
FIRMED, OR WITHDRAWN AT LEAST EVERY FIVE YEARS. SOMETIMES A ONE- 
TIME EXTENSION OF UP TO TWO YEARS WILL BE ADDED TO THIS REVIEW 
CYCLE. THIS PUBLICATION WILL NO LONGER BE IN EFFECT FIVE YEARS AF- 
TER ITS PUBLICATION DATE AS AN OPERATIVE API STANDARD OR, WHERE 
AN EXTENSION HAS BEEN GRANTED, UPON REPUBLICATION. STATUS OF THE 
PUBLICATION CAN BE ASCERTAINED FROM THE API AUTHORING DEPART- 
MENT [TELEPHONE (202) 682-8000]. A CATALOG OF API PUBLICATIONS AND 
MATERIALS IS PUBLISHED ANNUALLY AND UPDATED QUARTERLY BY API, 
1220 L STREET, N.W., WASHINGTON, D.C. 20005. 
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FOREWORD 


The American Petroleum Institute, the (British) Institute of Petroleum (IP), the American 
Society for Testing and Materials (ASTM), and corresponding bodies of other nations have. 
worked through Technical Committee 28 of the International Organization for Standardiza- 
tion (ISO) to produce several international standards that relate directly to the API Manual 
of Petroleum Measurement Standards. 

Section 7 of Chapter 10 describes the procedure for the determination of water in crude 
oils by Karl Fischer titration (volumetric). 

Section 1 of Chapter 10 describes the determination of sediment in crude oils and fuel 
oils by the extraction method. Section 2 discusses the determination of water in crude oil 
by the distillation method. Section 3 describes the determination of water and sediment in 
crude oil by a laboratory centrifuge procedure. Section 4 describes the determination of sed- 
iment and water in crude oil by the centrifuge test method. Section 5 describes the test 
method for determination of water in petroleum products and bituminous materials. Section 
6 describes the test method for laboratory determination of sediment and water in fuel oils 
by centrifuge. Section 8 describes the procedure for determining sediment in crude oils by 
membrane filtration. Section 9 will describe the procedure for determination of water in 
crude oils by coulometric Karl Fischer titration. 

This standard may involve hazardous materials, operations, and equipment. This stan- 
dard does not purport to address all of the safety problems associated with its use. It is the 
responsibility of the user of this standard to establish proper safety and health practices and 
determine the applicability of regulatory limitations prior to use. 

API publications may be used by anyone desiring to do so. Every effort has been made 
by the Institute to assure the accuracy and reliability of the data contained in them; however, ° 
the Institute makes no representation, warranty, or guarantee in connection with this pub- 
lication and hereby expressly disclaims any liability or responsibility for loss. or damage re- 
sulting from its use or for the violation of any federal, state, or municipal regulation with 
which this publication may conflict. 

Suggested revisions are invited and should be submitted to the director of the Measure- 
ment Coordination Department, American Petroleum Institute, 1220 L Street, N.W., Wash- 
ington, D.C. 20005. 


ill 
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Chapter 10—Sediment and Water 


SECTION 7—STANDARD TEST METHOD FOR WATER IN CRUDE OILS 
BY KARL FISCHER TITRATION (VOLUMETRIC) 


Note: This test method is under.the jurisdiction of the ASTM! Committee 
D-2 on Petroleum Products and Lubricants and is the direct responsibility of 
Subcommittee D02.03 on Elemental Analysis. The current edition of Test 
Method for Water in Oils (Karl Fischer) Titration is ASTM D 4377-88, Vol- 
ume 5.03. 


10.7.1 


10.7.1.1 This section describes the procedure for the de- 
termination of water in crude oils by Karl Fischer titration 
(volumetric). This test method covers the determination of 
water in the range from 0.02 to 2 mass percent in crude oils. 
Mercaptan and sulfide (S* or H,S) sulfur are known to inter- 
fere with the method (see 10.7.5). 


Scope 


10.7.1.2 This test method is intended for use with stan- 
dard Karl Fischer reagent or pyridine-free Karl Fischer 
reagents. 


CAUTION: This standard may involve hazardous materials, 
operations, and equipment. This standard does not purport to 
address all of the safety problems associated with its use. It 
is the responsibility of the user of this standard to consult and 
establish appropriate safety and health practices and deter- 
mine the applicability of regulatory limitations prior to use 
(see Appendix A). 


10.7.1.3 The accepted unit of measurement for this stan- 
dard is mass percent. 


10.7.2 Referenced Publications 


The following standards, codes, and specifications are 
cited in this standard: 


ACGIH? 
Threshold Limit Values and Biological Exposure Indices 


API 

Manual of Petroleum Measurement Standards 
Chapter 8.1, “Manual Sampling of Petroleum 
and Petroleum Products” (ASTM D 4057) 
Chapter 8.2, “Automatic Sampling of Petro- 
leum and Petroleum Products” (ASTM D 
4177) 

Publ 2026 Safe Descent Onto Floating Roofs of Tanks 
in Petroleum Service 


"American Society for Testing and Materials, 1916 Race Street, Philadel- 
phia, Pennsylvania 19103. 

?American Conference of Governmental Industrial Hygienists, Building D- 
7, 6500 Glenway Avenue, Cincinnati, Ohio 45221. 
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Publ 2217 Guidelines for Confined Space Work in the 
Petroleum Industry 


ASTM 

D 1193 Specification for Reagent Water 

D 1744 Test Method for Water in Liquid Petroleum 
Products by Karl Fischer Reagent 

D 4006 Test Method for Water in Crude Oil by Distil- 
lation 

D4928 Test Method for Water in Crude Oils by 
Coulometric Karl Fischer Titration 

E203 Test Method for Water Using Karl Fischer 

Reagent 


OSHA? X 
Occupational Safety and Health Standards, 29 Code of 
Federal Regulations Subpart Z, “Toxic and 
Hazardous Substances,” Section 1910.1000 
and following : 


10.7.3. Summary of Test Method 


After homogenizing the crude oil with a mixer, an aliquot 
sample of the crude oil in a mixed solvent is titrated to an 
electrometric end point. 


10.7.4 Significance and Use 


A knowledge of the water content of crude oil is important 
in the refining, purchase, sale, and transfer of crude oils. 


10.7.5 


A number of substances and class of compounds associ- 
ated with condensation or oxidation-reduction reactions in- 
terfere in the determination of water by the Karl Fischer 
titration method. In crude oils the most common interfer- 
ences are mercaptans and sulfides. At levels of less than 500 
micrograms per gram (ppm), the interference from these 
compounds, such as sulfur, is insignificant. For more infor- 
mation on substances that interfere in the determination of 
water using the Karl Fischer titration method see ASTM E 
203. 


Interferences 


3Occupational Safety and Health Administration, U.S. Department of Labor. 


The Code of Federal Regulations is available from the U.S. Government 
Printing Office, Washington, D.C. 20402. 
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————-O— eee 


10.7.6 Apparatus 
10.7.6.1_ KARL FISCHER APPARATUS 


A Karl Fischer apparatus with electrometric end point 
shall be used. A suggested assembly of the apparatus is de- 
scribed in Appendix X1 of ASTM D 1744, 

Commercial Karl Fischer titration assemblies are avail- 
able, some of which automatically stop the titration at the 
end point. Instructions for operation of these devices are pro- 
vided by the manufacturer and are not described in this stan- 
dard, This test method is not intended for use with 
coulometric Karl Fischer titrators. 


10.7.6.2 MIXER 


A mixer shall be used to homogenize the crude oil sample. 
The mixer shall be a nonaerating, high-speed, shear mixer,* 
capable of meeting the homogenization efficiency test de- 
scribed in Appendix B. The sample size is limited to that 
suggested by the manufacturer for the size of the probe. 


10.7.6.3 SYRINGES 


Samples and base liquid are most easily added to the titra- 
tion vessel by means of accurate glass syringes with LUER 
fittings and hypodermic needles of suitable length. The bores 
of the needles used should be kept as small as possible but 
large enough to avoid problems that could arise from back 
pressure or blocking while sampling. Suggested syringe 
sizes are as follows: 


a. For standardization, 10 microliters, with a needle long 
enough to dip below the surface of the base solution in the 
cell (see 10.7.9). 

b. For crude oil samples, 2.5 miilliliters, 5 milliliters, and 10 
milliliters (see 10.7.10). 

c. For the sample solvent, at least 20 milliliters. 


10.7.7 Reagents and Materials 
10.7.7.1. PURITY OF REAGENTS 


Reagent-grade chemicals shall be used in all tests. Unless 
otherwise indicated, all reagents shall conform to the speci- 
fications of the Committee on Analytical Reagents. These 
specifications are available from the American Chemical So- 


‘The following mixers were used in a cooperative program. They have been 
found satisfactory for samples under 300 milliliters: Brinkman Polytron 
Model PT 35, available from Brinkman Instruments Inc., Cantiagu Road, 
Westbury, New York 11590; Kam Homogenizer Model 09014, available 
from Kam Controls, Inc., P.O. Box 570535, Houston, Texas 77257; Kraft 
Apparatus Model S-25, available from SGA, Bloomfield, New Jersey 
07003; Ultra Turrax Model TP 18/10, available from Tekmar Co., P.O. Box 
37202, Cincinnati, Ohio 45222. Equivalent-quality equipment would be ac- 
ceptable. 


ciety.’ Other grades may be used, provided that the reagent is 
proven to be of sufficiently high purity to permit its use with- 
out lessening the accuracy of the determination. 


10.7.7.2 PURITY OF WATER 


Unless otherwise indicated, references to water shall be 
understood to mean reagent water as defined by Type IV of 
ASTM D 1193. 


10.7.7.3 | 1-ETHYLPIPERIDINE 
1-ethylpiperidine shall be 99 weight percent or higher. 
CAUTION. 1-ethylpiperidine is an irritant and is flammable. 


10.7.7.4. KARL FISCHER REAGENTS 


Standard reagents containing pyridine (see 10.7.7.4.1) or 
pyridine-free reagent (see 10.7.7.4.2) shall be used. 


10.7.7.4.1 Karl Fischer reagent ethylene glycol 
monomethyl ether solution (EGME), containing pyridine, (1 
milliliter equals 5 milligrams of water) shall be used. Fresh 


CAUTION; Karl Fischer reagent is combustible. It is harm- 
ful if swallowed, inhaled, or absorbed through the skin. 


10.7.7.4.2 To prepare pyridine-free Karl Fischer (one- 
component) reagent dilute three parts pyridine-free Karl Fis- 
cher (one-component) reagent® (1 milliliter equals 5 
milligrams water) with one part xylene. Fresh Karl Fischer 
reagent must be used with solvent in 10.7.7.6.2 (see CAU- 
TION in 10.7.7.4.1). 


10.7.7.5 METHANOL 


Methanol (anhydrous) should contain a maximum of 0.1 
percent water but preferably less than 0,05 percent water. 


CAUTION: Methanol is flammable. The vapor is harmful. 
Methanol may be fatal or cause blindness if swallowed or in- 
haled. 


10.7.7.6 PREPARATION OF SAMPLE SOLVENT 


To prepare the sample solvent use the procedure in 
10.7.7.6.1 for standard Karl Fischer reagent containing pyri- 
dine and the procedure in 10.7.7.6.2 for pyridine-free Karl 
Fischer reagent. 


Reagent Chemicals, American Chemical Society Specifications, American 


Chemical Society, Washington, D.C, For suggestions on the testing of 
reagents not listed by the American Chemical Society, see Reagent Chem- 
icals and Standards, by Joseph Rosin, D. Van Nostrand Co., Inc., New 
York, New York, and the United States Pharmacoepia. 

‘When used in the cooperative program pyridine-free Karl Fischer reagent 
and two-component solvent were found to be satisfactory. 
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10.7.7.6.1 To prepare sample solvent mix 40 milliliters of 
l-ethylpiperidine, 20 milliliters of methanol, and 40 
milliliters of Karl Fischer reagent in a sealable glass bottle. 
Allow this mixture to sit overnight before adding 200 
milliliters of xylene. Additional methanol may be required in 
some cases for the proper function of the electrodes (see 
“Caution” in 10,7.7.3.) 


10.7.7.6.2 To prepare the sample solvent for pyridine-free 
reagents, mix three parts choloroform with one part pyridine- 
free solvent using the solvent part of two-component 
reagent® (contains SO, and odorless amine dissolved in 
methanol) and store in a sealable glass bottle (see “Caution” 
in 10.7.7.4.1,) 


10.7.7.7 XYLENE 


Use reagent-grade xylene containing less than 0.05 per- 
cent water. 


CAUTION: Xylene is flammable. The vapor is harmful. 


10.7.7.8 CHLOROFORM 
Use reagent-grade chloroform. 


CAUTION: Chloroform is harmful if inhaled or swallowed. 
It is carcinogenic (animal positive) and irritates the skin and 
eyes. It may produce toxic vapors if burned. 


10.7.8 Sampling and Test Samples 
10.7.8.1 SAMPLING 


Sampling is defined as performing all the steps required to 
obtain an aliquot representative of the contents of any pipe, 
tank, or other system and placing the sample into the labora- 
tory test container. The laboratory test container and sample 
volume shall be of sufficient dimensions and volume to al- 
low mixing as described in 10.7.8.3.1. 


10.7.8.2 LABORATORY SAMPLE 


For the laboratory sample only representative samples ob- 
tained as specific in ASTM D 4057 and D 4177 shall be used 
for this test method. 


10.7.8.3 TEST SAMPLE 


For test samples the following sample-handling procedure 
shall apply in addition to those covered in 10.7.8.2. 


10.7.8.3.1 Mix the test sample of crude oil immediately 
(within 15 minutes) before analysis to insure complete ho- 
mogeneity. Mix the test sample at room temperature (25°C) 
in the original container. 


‘When used in the cooperative program pyridine-free Karl Fischer reagent 
and two-component solvent were found to be satisfactory. 
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CAUTION: The sample should be mixed at room tempera- 
ture (25°C) or below. Mixing of the sample should not in- 
crease the temperature of the sample more than 10°C or a 
loss of water may occur. The type of mixer to be used de- 
pends on the quantity of crude oil. Before any unknown 
mixer is used, the specifications for the homogenization test 
(Appendix B) must be met. The mixer must be reevaluated 
for any changes in the type of crude oil, quantity of crude oil, 
or shape of the sample container. 


10.7.8.3.2 For small test sample volumes, 50 to 500 
milliliters, a nonaerating, high-speed shear mixer is required. 
Use the mixing time, mixing speed, and height above the 
bottom of the container found to be satisfactory in Appendix 
B. Clean and dry the mixer between samples. 


10.7.8.3.3 The test sample size is selected as indicated in 
Table 1 and is based on the expected water content. 


10.7.9 Calibration and Standardization 


10.7.9.1 Standardize the Karl Fischer reagent at least once 
daily. 


10.7.9.2 Add enough solvent to the clean, dry titration 
vessel to cover the electrodes. The volume of solvent to be 
used depends on the size of the titration vessel. Seal all open- 
ings to the vessel and start the magnetic stirrer for a smooth 
stirring action. Turn on the indicating circuit as prescribed in 
ASTM D 1744. Add Karl Fisher reagent from the buret until 
the end point is reached. Swirl the titration vessel to dry the 
inside walls of the vessel. Add more Karl Fischer reagent if 
needed, until a steady end point is reached for at least 30 sec- 
onds. 


10.7.9.3 Standardize the Karl Fischer reagent with dis- 
tilled water by one of the following methods: 


10.7.9.3.1 Using a water-filled weighing pipet or syringe 
previously weighed to the nearest 0.1 milligram, add one 
drop of distilled water (about 20 milligrams) to the sample 
solvent at end-point conditions. Reweigh the syringe. Record 
the weight of the water added. Titrate the water with Karl 
Fischer reagent added from the buret until a steady end point 
is reached for at least 30 seconds. Record to the nearest 0.01 
milliliter the volume of the Karl Fischer reagent needed to 
reach the end point. 


Table 1—Percent Water Content in Test Sample 
Based on Sample Size 


Expected Water Content, Sample Size, 


Percent Grams or Milliliters 
0.3 5 

0.3-1 2 
12.1 1 
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CAUTION. After adding water do not shake the cell. When 
wiping the needle exercise care so that liquid will not be si- 
phoned through the tip of the needle. 


10.7.9.3.2 Fill a 10-microliter syringe with water, taking 
care to eliminate air bubbles. Wipe the needle with a paper 
tissue to remove any residual water from the needle and ac- 
curately determine the weight of the syringe plus water to the 
nearest 0.1 milligram. Add the contents of the syringe to the 
sample solvent in the cell that has been adjusted to the end 
point. Be sure that the tip of the needle is below the surface 
of the sample solvent. Reseal the vessel immediately. Re- 
move any solvent from the needle by wiping with a paper 
tissue and reweigh the syringe to 0.1 milligram. Titrate the 
water with Karl Fischer reagent as in 10.7.9.3.1, 


10.7.9.4 Calculate the water equivalence of the Karl Fis- 
cher reagent as follows: 


F = W/T 
Where: 


F = water equivalence of the Karl Fischer reagent, mil- 
ligrams per milliliter. 

W = water added, milligrams. 

T = reagent required for titration of the added water, 
milliliters. 


10.7.9.5 Duplicate values of water equivalence should 
agree within two percent relative. If the variation between 
the two titrations is greater than two percent relative, discard 
the contents of the titration vessel. Introduce a further por- 
tion of sample solvent into the vessel and repeat the stan- 
dardization procedure. If the titrations for two further 
portions of distilled water still vary by more than two per- 
cent, it is likely that either the Karl Fischer reagent or the 
sample solvent, or both have aged. Replace with fresh 
reagent and solvent and follow the procedure for calibration 
and standardization. 


10.7.9.6 Determine and record the mean water equiva- 
lence value. 


10.7.10 Procedure 


10.7.10.1 Add the fresh sample solvent to the titration 
vessel and bring the solvent to end-point conditions as de- 
scribed in 10,7.9.2. 


10.7.10.2 Add the crude oil to the titration vessel imme- 


diately after the mixing step described in 10,7,8,2,1 using 


one of the following methods: 


10.7.10.2.1 Starting with a clean, dry syringe (2.5, 5, or 
10 milliliters)(see Table 1), rinse the syringe two times with 
the sample and discharge to waste. Withdraw the required 


amount of sample and discharge any air bubbles. Weigh the 
syringe to the nearest 0.1 milligram. Inject the sample into 
the titration vessel, clean the needle with a paper tissue, and 
reweigh the syringe. Titrate the sample until a steady end 
point is reached for at least 30 seconds and record to the 
nearest 0.01 milliliter (see “Cautions” in 10.7.9.3.1 and be- 
low). 


CAUTION. The solvent should be changed when the sam- 
ple content exceeds 2 grams of crude oil per 15 milliliters of 
solvent or when 4 milliliters of titrant per 15 milliliters of 
solvent has been added to the titration vessel. 


10.7.10.2.2 For viscous crude oils, add the sample to a 
clean, dry dropper bottle and weigh the bottle and crude oil. 
Quickly transfer the required amount of sample to the titra- 
tion vessel with the dropper. Reweigh the bottle. Titrate the 
sample as in 10.7.10.2.1. 


CAUTION: After adding the sample do not shake the cell. 


10.7.11 Calculations 
Calculate the water content of the sample as follows: 
Anasse = (CF)/(0W) 
Where: 
Ammass = Water, mass percent. 
C = Karl Fischer reagent required to titrate the 
sample, milliliters. 
F = water equivalence of Karl Fischer reagent, 
milligrams per milliliter. 
W = sample used, grams. 
10 = factor for conversion to percent. 


10.7.12 Precision and Bias 


Precision intervals for water in the range from 0.05 to 2.0 
mass percent are shown in Table 2, The precision of this test 
method as determined by the statistical examination by inter- 
laboratory is as follows: 


10.7.12.1 REPEATABILITY 


The difference between successive results obtained by the 
same operator with the same apparatus under constant oper- 
ating conditions on identical test material would, in the long 
run, in the normal and correct operation of the test method, 
exceed the following values only in one case in twenty. 


10.7.12.1.1 


The repeatability of the standard Karl Fischer reagent is 
calculated as follows: 


Standard Karl Fischer Reagents 
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r = 0,041(X%%) Where: 
Where: : R = reproducibility. ; 
X = sample mean from 0 to 2 percent. 
r = repeatability. 
X = sample mean from 0 to 2 percent. 10.7.12.2.2 Pyridine—Free Karl Fischer Reagents 
The reproducibility of the pyridine-free Karl Fischer 
10.7.12.1.2 Pyridine—Free Karl Fischer Reagents reagent is calculated as follows: 
The repeatability of the pyridine-free Karl Fischerreagent — - R = 0.173(X°) 


is calculated as follows: 


“= 0.037(X° 
t x”) R = reproducibility. 


Where: X = sample mean from 0 to 2 percent. 
r = repeatability. 
X = sample mean from 0 to 2 percent. 10.7123 BIAS 
Compared with the results of ASTM D 4006, no signifi- 
cant bias was found.’ 


10.7.12.2 REPRODUCIBILITY 


The difference between two single and independent re- 10.7.12.4 INTERFERENCE 
sults obtained by two different operators working in different 
laboratories on identical test material would, in the long run, 
exceed the following values only in one case in twenty. 


The interference from mercaptan sulfur follows the theo- 
retical stoichiometry of 1 to 0.28; that is 1000 micrograms 
per gram (parts per million) of mercaptan sulfur can generate 
a response equivalent to 280 micrograms per gram (parts per 


10.7.12.2.1 Standard Karl Fischer Reagents million) (0.03 mass percent) water by this method. The va- 
lidity of correcting measured water contents for known mer- 
The reproducibility of the standard Karl Fischer reagent is captan/sulfide sulfur levels has not been evaluated. 


calculated as follows: 


i 7Supporting data are available from ASTM headquarters. Request RR: D02- 
R = 0.154(X") 1173. 


Table 2—Precision Intervals 


Standard Karl Fischér Reagents Pyridine-Free Reagents 
Water, Mass Percent Repeatability Reproducibility Repeatability Reproducibility 
0.05 0.009 0.034 0.008 0.039 
0.1 0.013 0.049 0.012 0.055 
0.3 0.023 0.084 0.020 0.095 
0.5 0.029 0.109 0.026 0.122 
0.7 0.034 0.129 0.031 0.145 
1.0 0.041 0.154 0.037 0.173 
13 0.047 0.176 0.042 . 0.197 
15 0.050 0.189 0.045 0.212 
17 0.054 0.201 0.048 0.226 
2.0 0.058 0.218 0.052 0.245 
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APPENDIX A—PRECAUTIONARY INFORMATION 


A.1_ Physical Characteristics and Fire 
Considerations 


Personnel involved with the handling of petroleum-related 
substances (and other chemical materials) should be familiar 
with their physical and chemical characteristics, including 
potential for fire, explosion and reactivity, and appropriate 
emergency procedures. Personnel should comply with indi- 
vidual company safe operating practices and local, state, and 
federal regulations, including the use of proper protective 
clothing and equipment. Personnel should be alert to avoid 
potential sources of ignition and should keep containers of 
materials closed when not in use. 

API Publications 2217 and 2026 and any applicable reg- 
ulations should be consulted when sampling requires entry 
into confined spaces. 


INFORMATION REGARDING PARTICULAR MATE- 
RIALS AND CONDITIONS SHOULD BE OBTAINED 
FROM THE EMPLOYER, THE MANUFACTURER OR 
SUPPLIER OF THAT MATERIAL, OR THE MATERIAL 
SAFETY DATA SHEET. 


A.2 Safety and Health Considerations 
A.2.1 GENERAL CONSIDERATIONS 


Potential health effects can result from exposure to any 
chemical and are dependent on the toxicity of the chemical, 
concentration, and length of the exposure. Everyone should 
minimize their exposure to workplace chemicals. The fol- 
lowing general precautions are suggested: 


a, Minimize skin and eye contact and breathing of vapors. 
b. Keep away from mouth; can be harmful or fatal if swal- 
lowed or aspirated. ; 

c. Keep containers closed when not in use, 

d. Keep work areas as clean as possible and well ventilated. 
e. Clean up spills promptly and in accordance with pertinent 
safety, health, and environmental regulations. 

f. Observe established exposure limits and use proper pro- 
tective clothing and equipment. 

Note: For permissible exposure limits (PELs), consult the most recent edi- 
tion of the Occupational Safety and Health Standards, 29 Code of Federal 
Regulations Subpart Z, “Toxic and Hazardous Substances,” Section 
1910.1000 and following. Also consult the most recent edition of the Amer- 
ican Conference of Governmental and Industrial Hygienists booklet Thresh- 


old Limit Values and Biological Exposure Indices, published annually. (See 
10.7.2 for complete reference information.) 


INFORMATION CONCERNING SAFETY AND 
HEALTH RISKS AND PROPER PRECAUTIONS WITH 
RESPECT TO PARTICULAR MATERIALS AND CONDI- 
TIONS SHOULD BE OBTAINED FROM THE EM- 
PLOYER, THE MANUFACTURER OR SUPPLIER OF 
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THAT MATERIAL, OR THE MATERIAL SAFETY DATA 
SHEET. 


A.2.2  KYLENE 


Health effects can result from acute exposure to xylene via 
contact with the skin and eyes, breathing of vapors, swallow- 
ing, or aspiration. Xylene exhibits local irritant properties 
that may be manifested by dermatitis of the skin, stinging of 
the eyes, nose, or throat, or respiratory irritation. Acute expo- 
sure to xylene, above permissible exposure limits, may result 
in adverse systemic effects including effects on the central 
nervous, cardiovascular, respiratory, or gastrointestinal sys- 
tems. Symptoms of acute systemic effects may include 
headache, fatigue, disturbed vision, dizziness, confusion, 
numbness of the hands and feet, heart palpitations, anorexia, 
and gastrointestinal or respiratory difficulties. Significant 
overexposure may lead to coma or death. 

There may also be long-term (chronic) health effects of 
varying severity from exposure to xylene. 


INFORMATION CONCERNING SAFETY AND 
HEALTH RISKS AND PROPER PRECAUTIONS WITH 
RESPECT TO PARTICULAR MATERIALS AND CONDI- 
TIONS SHOULD BE OBTAINED FROM THE EM- 
PLOYER, THE MANUFACTURER OR SUPPLIER OF 
THAT MATERIAL, OR THE MATERIAL SAFETY DATA 
SHEET. 


A.2.3 ETHYLENE GLYCOL MONOMETHYL 
ETHER (EGME) 


Health effects can result from acute exposure to EGME 
via contact with the skin and eyes, breathing of vapors, swal- 
lowing, or aspiration. EGME exhibits local irritant properties 
that may be manifested by dermatitis of the skin, stinging of 
the eyes, nose, or throat, or respiratory irritation. Acute expo- 
sure to EGME, above permissible exposure limits, may re- 
sult in adverse systemic effects including effects on the 
central nervous, hematological, or renal systems. Symptoms 
of acute systemic effects may include a disturbed gait, 
tremors, slurred speech, and anemia. 

There may also be long-term (chronic) health effects of 
varying severity from exposure to EGME. 


INFORMATION CONCERNING SAFETY AND 
HEALTH RISKS AND PROPER PRECAUTIONS WITH 
RESPECT TO PARTICULAR MATERIALS AND CONDI- 
TIONS SHOULD BE OBTAINED FROM THE EM- 
PLOYER, THE MANUFACTURER OR SUPPLIER OF 
THAT MATERIAL, OR THE MATERIAL SAFETY DATA 
SHEET. 
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8 CHAPTER 10—SEDIMENT AND WATER 


A.2.4 PYRIDINE 


Health effects can result from acute exposure to pyridine 
via contact with the skin and eyes, breathing of vapors, swal- 
lowing, or aspiration. Pyridine exhibits local irritant proper- 
ties that may be manifested by dermatitis of the skin, 
stinging of the eyes, nose, or throat, or respiratory irritation. 
Acute exposure to pyridine, above permissible exposure lim- 
its, may result in adverse systemic effects including effects 
on the central nervous, gastrointestinal, or renal systems. 
Symptoms of acute systemic effects may include nausea, 
headache, insomnia, nervousness, low back or abdominal 
discomfort with urinary frequency. 

There may also be long-term (chronic) health effects of 
varying severity from exposure to pyridine. 


INFORMATION CONCERNING SAFETY AND 
HEALTH RISKS AND PROPER PRECAUTIONS WITH 
RESPECT TO PARTICULAR MATERIALS AND CONDI- 
TIONS SHOULD BE OBTAINED FROM THE EM- 
PLOYER, THE MANUFACTURER OR SUPPLIER OF 
THAT MATERIAL, OR THE MATERIAL SAFETY DATA 
SHEET. 


A.2.5 METHANOL 


Health effects can result from acute exposure to methanol 
via contact with the skin and eyes, breathing of vapors, swal- 
lowing, or aspiration. Methanol exhibits local irritant prop- 
erties that may be manifested by dermatitis of the skin, 
stinging of the eyes, nose, or throat, or respiratory irritation. 
Acute exposure to methanol, above permissible exposure 
limits, may result in adverse systemic effects including ef- 
fects on the visual system most importantly, as well as the 
central nervous system and liver. Symptoms of acute sys- 
temic effects may include headache, roaring in the ears, 
tiredness, insomnia, tremors, unsteady gait, nausea, epigas- 
tric pain, and any visual disturbances. Ingestion has caused 
serious illness and death. 

There may also be long-term (chronic) health effects of 
varying severity from exposure to methanol. 


INFORMATION CONCERNING SAFETY AND 
HEALTH RISKS AND PROPER PRECAUTIONS WITH 
RESPECT TO PARTICULAR MATERIALS AND CONDI- 
TIONS SHOULD BE OBTAINED FROM THE EM- 
PLOYER, THE MANUFACTURER OR SUPPLIER OF 
THAT MATERIAL, OR THE MATERIAL SAFETY DATA 
SHEET. 
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APPENDIX B—HOMOGENIZATION EFFICIENCY OF UNKNOWN MIXERS 
(MANDATORY INFORMATION) 


B.1 General 


The homogenization efficiency of each unknown mixer 
must be evaluated before use. The grade of crude oil, the 
sample size, and the sample container expected to be used 
with the mixer should be used in this test, The specifications 
of this test should be met before running this method and any 
changes in the mixing procedure should be reevaluated by 
this test. The crude oil used in this test should be dry (less 
than 0.1 percent water). 


B.2 Procedure 


The following procedure should be used to evaluate the 
homogenization efficiency of each unknown mixer: 


B.2.1 Weigh the sample container to the nearest 0.01 
gram. Fill the container halfway (or to the level normally 
used) with the dry crude oil. Immerse the mixer shaft into the 
crude oil so that the bottom of the mixer is five millimeters 
above the bottom of the container and homogenize the crude 
oil at 80 percent power for 2 minutes, Immediately deter- 


mine the water content of the dry crude oil in duplicate (see ~ 


10.7.10.1). Obtain the average of the duplicate results. 


B.2.2 Weigh the crude oil and container to the nearest 0.01 
gram. Immerse the mixer into the crude oil as in B.2.1. 
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Knowing the weight of the crude, add enough water to in- 
crease the water content one percent above the base level 
found in B.2.1. From a water-filled syringe previously 
weighed to the nearest 0.1 milligram, inject the water below 
the surface of the crude near the inlet to the mixer. Reweigh 
the syringe to the nearest 0.1 milligram and determine the 
amount of water added. Any oil on the needle should be 
wiped off before weighing. Mix the sample in the same man- 
ner as in B.2.1. Determine the water content of the crude oil 
immediately after mixing. Sample the crude oil just below 
the liquid level. 


B.2.3- Without additionally mixing the crude, determine 
the water content of the crude oil 15 and 30 minutes after the 
initial mixing in B.2.2. © 


B.2.4 Remix the sample in the same manner as in B.2.1. 
Immediately after mixing, determine the water content in du- 
plicate. 


B.2.5 The water contents of the crude oil determined in 
B.2.2, B.2.3, and B.2.4 minus the base determined in B.2.1 
should agree within 0.05 percent absolute of the added water 
and to each other. If they do not agree, this test should be re- 
peated while changing the mixing time, the mixing speed, 
the height of the mixer in the crude oil, or a combination 
thereof until these conditions are met. 


API MPMS*10-7 91 MM 0732290 0095124 3 mm - 


Order No. 852--30207 


1-1700—2/91—1M (90) 
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